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ABSTRACT 
Objective: To evaluate the amount of residual monomers released after polymerization by the compomers 
in different colors and viscosities over time. Material and Methods: The compomer samples of different 
colors and viscosities (flowable compomers; blue-pink and packable compomers; A2-blue-pink-gold) were 
prepared in molds with an inner diameter of 5 mm and a height of 2 mm. In polymerization of samples, a 
LED unit was used. The amount of monomers released from the samples kept in 75% ethanol/water 
solution was measured by a high-performance liquid chromatography (HPLC) instrument in the 10th 
minute, in the 1st hour, and in the 1st, 7th, and 14th days. For statistical analyses, the paired sample t-test, 
independent sample t-test, and one-way ANOVA with Tukey's post hoc test were used. Results: The 
amount of residual monomers released from all materials increased over time. At the end of the 14th day, 
the most released monomer from all compomer samples was BisGMA. The total amounts of released 
monomers from the packable compomers were Gold>A2>blue>pink. The amount of residual monomers 
released from flowable compomers was higher in blue than in pink. Conclusion: The color and the viscosity 
are the factors affecting the residual monomer release in compomers. 
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Introduction 
Nowadays, as a result of the developments in adhesive systems and aesthetic expectations, the 
frequency of the use of resin-containing restorative materials has been increasing steadily. The compomers 
(polyacid-modified composite resin), the use of which has been increasing in pediatric dentistry as an 
alternative to amalgam, consist of reaction initiators, organic matrix (Bisphenol-A-glycidyl methacrylate 
(BisGMA), Urethane dimethacrylate (UDMA), Hydroxyethyl methacrylate (HEMA), and Triethyleneglycol 
dimethacrylate (TEGDMA)) [1], new monomers such as butan-1,2,3,4-tetracarboxylic acid di-2-
hydroxyethylmethacrylate ester (TCB) and cycloaliphatic dicarboxylic acid dimethacrylate as functional 
monomers [2], and reactive inorganic particulate (flouroalumino silicate glass, itterbium trifluoride and 
barium aluminum silicate fluoro). 
In the polymerization reactions of compomers, it is expected that all carbon double bonds of 
monomers will react and join the polymer chain. However, there are unreacted monomers as a result of resin 
polymerization, which does not take place at 100% efficiently depending on many factors such as the 
polymerization time, the resin material composition, the amount of solvent used and the solvent concentration, 
ambient temperature and humidity, the presence of oxygen amount in the air, the type of a light-curing unit, 
the thickness of resin layer [3]. As a result of the incomplete polymerization, these unreacted monomers are 
called residual monomer. Studies have shown that monomer matrix components have genotoxic, estrogenic, 
mutagenic, and allergic effects [4]. 
TEGDMA and UDMA genotoxicity is related to the generation of DNA lesions associated with 
homologous recombination and gene and chromosomal mutation [5]. The estrogenicity of BisGMA is due to 
bisphenol A, a major component of BisGMA. 
The principal biological activities of estrogens in women include development, growth and 
maintenance of secondary sex characteristics. In men, however, the physiological significance of estrogens is 
largely unknown, but they may be involved in the regulation of androgen and estrogen levels as well as sexual 
behavior [6]. Over-release of the estrogen hormone causes some medical problems such as precocious puberty 
in girls, enlarged breasts in boys (gynecomastia). In addition, the physiology of the oral cavity are modulated 
by estrogen. For example, it has been reported that gingival problems related to this hormone increase during 
pregnancy. Although the estrogenicity of BisGMA–based dental resins is not well-defined, in vitro 
experiments have identified the components that are released from such resins [7]. However, current findings 
suggest that the short-term risk of estrogenic effects from dental treatments using BisGMA–based resins is 
insignificant [6]. 
The side effects of monomer matrix components such as genotoxic, estrogenic, mutagenic, allergic 
depend on the type and amount of the released component [8,9]. Therefore, it is essential to define the amount 
of substances released into the oral environment [10]. However, we have not come across any published 
studies in the literature on residual monomer release from colored compomers used as a primary tooth filling 
material in pediatric dentistry. 
The polymerization depth of the light-curing unit used in the polymerization of compomer materials 
affects residual monomers' amount and the degree of conversion [11,12]. It has been reported that the 
polymerization process, which cannot be performed in sufficient time and efficiency, adversely affects the 
biological and mechanical properties of the material [13]. 
In order to make dental treatments more acceptable for children, coloring particles were added, and 
compomers in different colors were obtained. In this case, factors such as the color of the applied-compomer 
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material and the distance between the light-curing unit and the filler became important to obtain sufficient 
polymerization depth regardless of the irradiation time and reduce the amount of residual monomers [14]. 
Chromatographic methods are frequently used to measure the amounts of residual monomers [15]. 
The most commonly used chromatographic methods are high-performance liquid chromatography (HPLC) and 
Gas Chromatography/Mass Spectrometry (GC/MS). HPLC is the most preferred measurement method 
because it is easier to control soluble monomers in the mobile phase during the separation process, and the 
results are reliable, fast, economical, selective and repeatable [16]. 
In the literature, to our knowledge, there is no study regarding the residual monomer release of the 
compomers in different colors, which is frequently preferred in pediatric dentistry. Therefore, this study aimed 
to investigate the amount of residual monomers released from the compomers in different colors and viscosities 
using the HPLC method after polymerization. 
 
Material and Methods 
The minimum sample size required to detect the significant difference in the mean of the residual 
monomers should be at least 6 in each group, considering type I error (alfa) of 0.05, power (1-beta) of 0.8, and 
effect size of 0.9. In our study, each group contained 7 samples. 
The compomer materials in 4 different colors with two different viscosities were tested. The monomer 
contents of the compomers are presented in Table 1. 
 
Table 1. The monomer contents of the compomer materials. 
Manufacturer Materials (VOCO GmbH, Cuxhaven, Germany)   
VOCO GmbH Contains Glasiosite Caps 
Shade A2 
Twinky Star Compomer 
Caps (Blue, Gold, Pink ) 
Twinky Star Compomer 
Flow (Blue, Pink ) 
MW 
(g/mol) 
η (Pa) 
 BisGMA 10-25% 10-25% 10-25% 512 1200 
 TEGDMA 2.5-5% ≤2.5% 5-10% 286 0.01 
 UDMA 5-10% 10-25% 10-25% 470 23 
 Catalyst - - ≤2.5%   
 
The study was conducted for six different groups: Group 1: A2 Packable Compomer (Glasiosite); 
Group 2: Blue Packable Compomer (Twinkystar); Group 3: Pink Packable Compomer (Twinkystar); Group 4: 
Gold Packable Compomer (Twinkystar); Group 5: Blue Flowable Compomer (Twinkystar); and Group 6: Pink 
Flowable Compomer (Twinkystar). 
The examiners were trained and calibrated prior to the study. For preventing inter-examiner 
variations, all study samples were prepared by an experienced clinician and HPLC analysis was performed by 
another experienced examiner. The examiner was trained and calibrated to prepare the compomer samples, 
standardize the distance between the compomer material and LED unit device, and remove the inhibition layer 
by polishing. The other examiner was trained and calibrated to prepare ethanol solutions and determine the 
residual monomers extracted with HPLC device. 
In order to prepare the samples for testing, compomer materials were placed into Teflon molds with a 
height of 2 mm and a diameter of 5 mm. The samples placed into the molds were compressed between the 
transparent tape (Miller matrix strip, Dentsply, Brazil) and the two glass plates in order to obtain a flat 
surface. After removing the glass in the top layer for polymerization, the samples were light-cured with LED 
units (Woodpecker Med. Instrument, Guilin, China) for polymerization with a wavelength of 480 nm and a 
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light intensity of 1000 mW/cm2 perpendicular to the surface of the material. The polishing process was 
performed with Sof-Lex polishing discs (3M ESPE, St Paul, MN, USA) with coarse grains to remove the 
oxygen inhibition layer after polymerization. Thus, a total of 42 samples with 7 in each group were prepared 
for the measurement of the amounts of residual monomers.   
The 75% ethanol-25% pure water solution was prepared. 20 mL of this solution was placed into each 
glass vial. The compomer samples were placed into 20 mL glass vials and kept at 37°C during the sampling 
process, and the extraction was started. 1 mL samples were taken in 5 different time periods, including the first 
10 min and the 1st hr, on the 1st, 7th, and 14th days, and transferred into 2 mL amber glass vials. A total of 
210 sample solutions were obtained. The solutions were stored at +4°C until the HPLC analysis was done. 
The HPLC instrument (UFLC-XR, Shimadzu, Japan) was calibrated. Different concentrations of pure 
monomer solutions prepared by being diluted from stock solutions were introduced to the instrument. In this 
process, 80% acetonitrile / 20% water mixture was used as a mobile phase. Retention times and linear 
calibration graphs were determined for each monomer. 
The solutions were injected into the HPLC instrument and the detector was set to 254 nm. As the 
longest retention time was 5 min, each process was carried out with an average of 6.9 MPa pressure for 7 min 
to obtain the chromatograms. In these chromatograms, correlation coefficients and calibration equations were 
obtained with the help of the peaks previously determined for each monomer, and the amount of released 
monomers (ppm) was determined. 
 
Statistical Analysis 
The data were statistically analyzed using IBM SPSS version 22. The Shapiro-Wilk test, paired 
sample t-test, independent sample t-test, and one-way ANOVA, with Tukey's post hoc test, were used at a 
significant level of 0.05. 
 
Results 
The mean and standard deviation values of the residual monomers released in ppm are presented in 
Table 2. The residual monomer release continued until the 14th day. In all groups, the most released monomer 
was BisGMA. 
BisGMA monomer release showed the maximum increase between the 1st and 7th days in all 
materials. The material releasing the maximum BisGMA was the gold-colored packable compomer in all time 
periods (p<0.01). BisGMA release from blue-colored flowable compomer was more than it was from pink 
compomer in all time periods, although the difference between them was not statistically significant (p>0.05). 
At the end of the 14th day, A2-colored packable compomer released more BisGMA monomer than the pink and 
blue-colored packable compomers (p<0.01). 
TEGDMA release showed a statistically significant increase in all materials, depending on the time 
period (p<0.01). The material releasing the most TEGDMA among the packable compomers was gold-colored 
compomer (23.60 ± 7.95 ppm) at the end of the 14th day and it was statistically much higher than A2, blue and 
pink-colored packable compomers (p<0.01). The blue-colored flowable compomer released more TEGDMA, 
although it was not statistically significant, compared to the pink-colored flowable compomer (p>0.05). At the 
end of the 14th day, there was a statistically significant difference in both blue and pink-colored compomers in 
terms of TEGDMA release between packable and flowable compomers (p<0.01, p<0.05 respectively).  
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Table 2. The mean and standard deviation values of the amount of the residual monomer released (ppm). 
 
Material 
 
Groups 
Between Time Periods 
(10th Min-1st Hr) 
Between Time Periods 
(1st Hr-1st Day) 
Between Time Periods 
(1st Day-7th Day) 
Between Time Periods 
(7th Day-14th Day) 
 10th min MD (SD) p-value*** 1st hr MD (SD) p-value*** 1st day MD (SD) p-value*** 7th day MD (SD) p-value*** 14th day 
PC - BisGMA G1 4.21 (1.18)a 3.02 (0.99) <0.001 7.24 (1.38)a 25.68 (2.95) <0.001 32.9 (4.03)a 34.99 (2.53) <0.001 67.91 (5.13)a 19.62 (2.87) <0.001 78.52 (5.85)a 
 G2 2.89 (0.44)a 2.32 (0.42) <0.001 5.21 (0.37)a 16.38 (0.91) <0.001 21.59 (1.17)a 20.37 (1.48) <0.001 41.97 (2.57)a 8.20 (1.23) <0.001 50.17 (3.70)a 
 G3 4.77 (1.41)a 1.86 (0.29) <0.001 6.63 (1.52)a 18.52 (3.09) <0.001 25.15 (4.18)a 21.63 (2.12) <0.001 46.78 (4.28)a 6.38 (1.28) <0.001 53.16 (4.22)a 
 G4 9.63 (4.48)b 7.28 (2.35) <0.001 16.91 (6.43)b 49.32 (14.53) <0.001 66.23 (20.16)b 56.58 (16.60) <0.001 22.81 (36.36)b 18.47 (8.41) 0.001 141.29 (42.05)b 
 p-value* <0.001   <0.001   <0.001   <0.001   <0.001 
FC - BisGMA G5 2.15 (1.09) 2.87 (0.53) <0.001 5.02 (0.99) 18.07 (3.01) <0.001 23.09 (3.06)a 22.04 (2.42) <0.001 45.13 (5.23)a 7.17 (0.80) <0.001 52.30 (5.78)a 
 G6 2.03 (0.60) 2.15 (0.30) <0.001 4.18 (0.89) 14.72 (0.49) <0.001 18.90 (1.15)b 18.21 (1.11) <0.001 37.11 (2.05)b 6.12 (0.48) <0.001 43.23 (2.47)b 
 p-value** 0.813   0.124   0.005   0.003   0.002 
PC - TEGDMA G1 1.17 (0.15)a 0.48 (0.18) <0.001 1.65 (0.21)a 5.19 (0.52) <0.001 6.84 (0.66)a 5.53 (0.89) <0.001 12.37 (1.33)a 2.23 (0.79) <0.001 14.60 (1.02)a 
 G2 0.80 (0.08)a 0.37 (0.12) <0.001 1.17 (0.11)a 3.30 (0.16) <0.001 4.50 (0.20)a 3.86 (0.40) <0.001 8.32 (0.41)a 1.98 (0.54) <0.001 10.30 (0.70)a 
 G3 1.09 (0.14)a 0.31 (0.10) <0.001 1.40 (0.13)a 3.82 (0.56) <0.001 5.21 (0.65)a 4.51 (0.32) <0.001 9.73 (0.77)a 2.34 (0.76) <0.001 12.07 (1.37)a 
 G4 2.21 (0.90)b 1.44 (0.41) <0.001 3.65 (1.23)b 8.98 (3.42) <0.001 12.63 (4.60)b 7.42 (2.15) <0.001 20.05 (6.63)b 3.55 (1.92) 0.003 23.60 (7.95)b 
 p-value* <0.001   <0.001   <0.001   <0.001   <0.001 
FC - TEGDMA G5 2.11 (0.41) 2.42 (0.43) <0.001 4.54 (0.45)a 12.79 (1.37) <0.001 17.33 (1.60)a 8.88 (0.86) <0.001 26.21 (2.20)a 2.27 (0.58) <0.001 28.47 (2.14)a 
 G6 2.02 (0.22) 1.77 (0.22) <0.001 3.78 (0.27)b 9.88 (0.52) <0.001 13.66 (0.70)b 6.99 (0.68) <0.001 20.65 (0.60)b 2.39 (1.27) 0.003 23.03 (1.36)b 
 p-value** 0.617   0.003   <0.001   <0.001   <0.001 
PC - UDMA G1 2.65 (0.84)a 1.51 (0.67) 0.001 4.16 (0.80)a 16.04 (1.49) <0.001 20.20 (2.11)a 21.07 (2.32) <0.001 41.27 (3.68) 6.64 (2.32) <0.001 47.91 (3.49)a 
 G2 2.43 (0.34)a 2.05 (0.30) <0.001 4.48 (0.27)a 14.33 (0.81) <0.001 19.80 (0.91)a 17.05 (1.29)  <0.001 36.85 (2.03) 7.24 (1.44) <0.001 44.09 (3.34)a 
 G3 3.95 (1.02)a 1.82 (0.57) <0.001 5.77 (1.28)a 17.18 (2.90) <0.001 22.95 (3.71)a 18.63 (2.37) <0.001 41.59 (3.70) 7.40 (1.70) <0.001 48.98 (4.31)a 
 G4 8.41 (4.02)b 6.27 (1.87) <0.001 14.68 (5.52)b 41.40 (12.85) <0.001 56.08 (17.61)b 11.90 (49.81) 0.551 67.98 (44.26) 49.13 (58.03) 0.066 117.12 (37.14)b 
 p-value* <0.001   <0.001   <0.001   0.059   <0.001 
FC - UDMA G5 1.91 (0.76) 3.06 (0.54) <0.001 4.96 (0.81)a 17.85 (2.64) <0.001 22.81 (2.89)a 21.74 (2.16) <0.001 44.55 (4.82)a 7.75 (1.61) <0.001 51.61 (5.47)a 
 G6 1.93 (0.36) 2.14 (0.32) <0.001 4.08 (0.63)b 14.43 (0.56) <0.001 18.51 (0.98)b 17.72 (1.09) <0.001 36.23 (1.94)b 7.00 (0.81) <0.001 42.12 (2.02)b 
 p-value** 0.942   0.042   0.003   0.001   0.001 
PC: Packable Compomers; FC: Flowable Compomers; MD: Mean Differences; *One-way ANOVA; **Independent Sample t-Test; ***Paired Sample t-Test; SD: Standard Deviation. The different markings show the 
statistical differences in the same column.  
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When UDMA release was evaluated, it was found that the gold-colored packable compomer was the 
material that showed the maximum UDMA release in all time periods. The maximum UDMA release of all 
materials except for gold-colored compomer was between the 1st and 7th days, while the release reached a 
peak after the 7th day in the gold-colored compomer. The difference between the amount of UDMA released 
from the gold-colored compomer and the amount of maximum UDMA released from the other compomers on 
the 1st day was found to be statistically significant (p<0.01). While the amount of UDMA released from the 
blue-colored flowable compomer was greater than that of the pink-colored flowable compomer, this difference 
was statistically significant only on the 7th day (p<0.05). 
The release of all monomers increased over time (UDMA: p<0.01; BisGMA and TEGDMA: p<0.05). 
The release of the residual monomers over time is presented in Figure 1. 
 
 
Figure 1. The residual monomer released over time. 
 
Discussion 
In this in vitro study, it was investigated that the amounts of BisGMA, TEGDMA, and UDMA 
monomers released from compomer materials in different colors and viscosities (packable compomers in 4-
different colors and flowable compomers in 2-different colors) to 75% ethanol solution, using the HPLC 
method, after 10 minute, 1 hour, 1 day, 7 days, and 14 days from the polymerization. 
The thickness of resin layer is one of the most important factors affecting polymerization efficiency. 
The manufacturer's recommendations on product use should also be considered. It is known that resin 
materials need to be irradiated in 2 mm layers to increase the polymerization efficiency [17]. In this study, 2 
mm high Teflon molds were used. 
For the polymerization of resin-based materials, halogen and LED units are frequently used. The 
researchers reported that the efficiency of polymerization depends on the light-curing unit [12]. Although 
Spagnuolo et al. [18] reported in their study that halogen light-curing units are more advantageous in terms 
of cytotoxicity than LED light-curing units, there are also researchers who indicate that almost all of the 
energy of LED light-curing units is used for polymerization [19]. For this reason, a LED light-curing unit 
was preferred for polymerization in this study. 
After polymerization, the oxygen inhibition layer formed on the resin material's surface is known to 
contain residual monomers [20]. Therefore, polishing discs were used to remove the oxygen inhibition layer 
on the obtained samples. 
In the study of Sideridou and Achilias [16], resin samples were polymerized in Teflon molds for 60, 
80, and 100 seconds. The researchers reported that the amount of residual monomers declined as the 
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polymerization time increased. In our study, the irradiation was carried out for 40 seconds in accordance with 
the manufacturer's recommendations for the polymerization of the samples. 
The most commonly used methods for determining the amount of residual monomers released by 
resin-based materials are HPLC and GC. HPLC is the most preferred method in terms of cost and accessibility 
in determining the amount of monomers [21]. In our study, the HPLC system was used to determine the 
amount of residual monomers. 
Although various solvents have been used to evaluate the leaching of monomers, ethanol 75% was 
used in many studies to simulate oral conditions. Ethanol 75% penetrates the matrix, expands the space 
between polymer chains, attacks cross-linked network, and degrades irreversible materials with a softening 
effect. So, soluble substances, such as unreacted monomers, may diffuse. On the contrary, artificial saliva 
penetrates the polymer network to a significantly lower degree [22]. In this study, ethanol 75% was used as a 
solvent. 
It was reported that monomer release from resin materials was high in the first minutes and this 
amount continued to decrease over time [6]. The measurement times for the amount of residual monomers 
released from temporary resin materials were determined by Kavahara et al. [23] as the 1st, 3rd, 6th, 24th 
hours and 3rd, 7th and 14th days, by Miletic et al. [24] as the 1st, 6th, 24th, 96th hours, and 7th day, by Sasaki 
et al. [25] before and immediately after the treatment, by Lee et al. [26] before and after the treatment as 5th 
min and 7th days, by Moreira et al. [27] before and after the treatment as 30th min., 24th h, 1st week, 1st 
month, by Michelsen et al. [28], before and after the treatment as 10th min., 24th h, 7th day. In this study, the 
measurement times were determined as the 10th min, 1st hr, 1st, 7th, and 14th days for the amount of residual 
monomers released from colored compomers. 
Although there were studies analyzing surface hardness in terms of the effect of color on 
polymerization [29], there was no study in the literature where polymerization efficiency was measured by 
HPLC based on the amount of residual monomers in colored compomers. This study is a first in this respect. 
The Voco Glasiosite compomer filling material contains 10-25% BisGMA, 2.5-5% TEGDMA, 5-10% 
UDMA monomers, and the Voco Twinky Star compomer filling material contains 10-25% BisGMA, ≤2.5% 
TEGDMA, 10-25% UDMA monomers. The Voco Twinky Star flowable compomer filling material contains 
10-25% BisGMA, 5-10% TEGDMA, 10-25% UDMA, and ≤2.5% catalyst  [30]. In our study, BisGMA was 
found to be the residual monomer with the highest release, while TEGDMA was the least released monomer. 
BisGMA was the most released monomer despite its high viscosity that makes it difficult to be released. This 
result is proportional to the amount of monomer in the material. Moldovan et al. [31] stated that BisGMA 
was released in the highest amount from all experimental resin composites. The results of their HPLC analysis 
showed that the quantities of residual monomers (TEGDMA and UDMA) were less than 1%, except for 
BisGMA. 
In this study, while the release of BisGMA and UDMA in all materials increased between the 1st and 
7th days, the increase in the amount of TEGDMA took place after the 1st hr in the gold-colored packable 
compomers and flowable compomers. TEGDMA is a monomer, which reduces viscosity, and the ratio of this 
monomer is higher in flowable compomers than in the other monomers. The increase in TEGDMA released 
from the flowable compomers in the early period compared to BisGMA can be explained by the fact that it is 
diffused faster because it is higher in ratio, and its molecular weight is lower than other monomers. This 
finding also supports the fact that the amount of residual TEGDMA released from blue and pink-colored 
flowable compomers is higher than the amount released from packable compomers in the same color. 
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The amount of residual monomer release from the resin material is known to vary depending on the 
factors such as the amount of abrasion occurring on the surface of the material, the type, the size and the 
combination of the monomers forming the material structure and the changes in the saliva composition [32]. 
It is also known that the incomplete polymerization will increase the amount of residual monomers, 
while polymerization is affected by the color of the resin material, the type of the light-curing unit, the 
irradiation time and the distance between the light-curing unit and the filler [14]. 
Vandenbulcke et al. [33] compared and examined the penetration depths using a type of penetration 
test by polymerizing the different color tones of the composites and the compomers and colored compomers 
under LED and Halogen light-curing units. The lowest penetration depths were found to be in pink and gold 
colors, whereas in all groups, the highest value was in the blue-colored compomer. Bakkal et al. [34] stated 
that the gold-colored compomer exhibited a poorer degree of curing, surface hardness, and mechanical 
properties than berry and silver-colored compomers. Furthermore, Khodadadi et al. [29], in their study on the 
surface hardness of the Twinky Star different colored compomers depending on their polymerization degree, 
determined the result as green> orange> lemon> blue> silver> cherry> gold. It is also known that the 
incomplete polymerization adversely affects the physical properties of the material, leading to deterioration of 
the surface structure as well as increasing the amount of residual monomers released. Gold-colored compomer, 
the surface hardness value of which was found to be the lowest by Khodadadi et al. [29] and Bakkal et al. [34], 
could be related to the fact that among all the monomers, the packable compomer with the highest release at 
the end of 14 days was gold-colored compomer in our study. 
On the other hand, the total amount of released-monomers was higher in A2-colored compomer than 
in blue and pink-colored compomers (p<0.05). It was shown that these compomers in both colors, which are 
frequently preferred in pediatric dentistry, can be used safely in terms of monomer release. These results can be 
explained by the fact that the light emitted by the light-curing device is scattered in light-colored restorative 
materials, while it may be absorbed in dark-colored restorative materials [35]. 
In the literature, there are studies on monomers' cytotoxic effect in the structure of resin-containing 
dental materials. Walters et al. [36] stated that, According to the cytocompatibility test, UDMA was more 
cytotoxic at lower concentrations than BisGMA, but the extracts of BisGMA-containing composites were less 
cytocompatible than the extracts of UDMA-containing composites, and TEGDMA was highly toxic. Issa et 
al.[32], in their study on the cytotoxic effects of resin monomers on human gingival fibroblasts, reported that 
the toxicity of TEGDMA was lower than that of BisGMA, whereas the monomer with the lowest toxicity was 
HEMA. Moharamzadeh et al. [37] emphasized that TEGDMA-containing composite resins produce toxic 
effects on oral mucosal cells, indicating the toxicity order as BisGMA > TEGDMA > UDMA. In this study, 
the BisGMA monomer, which was in the first place in the toxicity order indicated by Moharamzadeh et al., was 
determined as the most released monomer. 
The estrogenic effect of bisphenol A in the content of BisGMA is known. The effects of estrogen in 
the prepubertal period have been investigated in the literature [6,7], and the cause of high estrogen release has 
been shown at the basis of many diseases such as precocious puberty and cancer. Pereira et al. [38] stated that, 
during prepubertal stage, girls had an increased risk of presenting earlier thelarche due to the high estrogen 
release (over 5 pg/mL in blood). However, it is stated that the level of bisphenol A in dental materials is so low 
that this will not affect the estrogen release. In the only study where the estrogenic assay was performed, an 
increase immediately after the treatment from 0.1 to 1.43 ppm was observed. Only one type of fissure sealant 
(Delton®) decreased to the levels below 0.1 ppm after 24 h [39]. In a study evaluating urinary content, 
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bisphenol A levels increased slightly immediately after the treatment but not as significant as in saliva [27]. 
Söderholm et al. [6] suggested evaluating the pharmacokinetics and pharmacodynamics of the long-term 
release of the contaminants from BISGMA– based resins (that is, bisphenol A) used in the mouth, although the 
short-term risk of estrogenic effects from dental treatments using BIS-GMA–based resins is insignificant. 
Ratanasathien et al. [40], in their study on mouse fibroblasts, reported that the cytotoxic effect of 
TEGDMA was 124.5 µmol/L (37.75 ppm) and the cytotoxic effect of UDMA was 17.4 µmol/L (3.90 ppm). In 
this study, at the end of the 14th day, the highest TEGDMA release value was 28.47 ± 2.14 ppm in blue 
flowable compomer, while the highest UDMA value was 117.12 ± 37.14 ppm in gold-colored packable 
compomer. According to Ratanasathien et al.'s cytotoxicity study [40], although the result of TEGDMA 
monomer in our study poses not a biological risk, UDMA monomer poses a cytotoxic risk. However, it should 
be noted that conditions in vitro cannot fully simulate the oral environment even though they are tried to be 
standardized and there are other factors such as the washing-effect of saliva. Considering the oral conditions, 
residual monomer release may vary depending on the factors, such as polymerization processes, the chemical 
composition of saliva, and the stress occurring in resin-based dental restoration. 
The limitations of this study can be listed as; (i) all different colored compomers in the color scale 
could not be included in the study, (ii) the effects of continuously changing oral conditions on the release of 
residual monomers cannot be fully understood because the ethanol solution cannot fully simulate the saliva, 
and (iii) no previous studies in this region were available to compare our results. On the other hand, the 
strength of the study is based on the fact that it is the first study on the subject. 
 
Conclusion 
Based on the amounts of residual monomer release, blue and pink-colored compomers may be 
preferred to traditional A2 and gold-colored compomers. Gold-colored compomers should not be preferred as 
restorative materials when considered their possible biological damage to the pulp in deep cavities. Packable 
compomers should be preferred over flowable compomers. More studies are needed as the cytotoxic effects of 
the amount of residual monomers released from colored compomers are not known enough. 
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